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SUMMARY: The National Institute of Environmental Health Sciences (NIEHS) introduces a new translational research framework that builds upon pre-
vious biomedical models to create a more comprehensive and integrated environmental health paradigm. The framework was developed as a graphical
construct that illustrates the complexity of designing, implementing, and tracking translational research in environmental health. We conceptualize
translational research as a series of concentric rings and nodes, defining “translation” as movement either from one ring to another or between nodes
on a ring. A “Fundamental Questions” ring expands upon the research described in other frameworks as “basic” to include three interrelated concepts
critical to basic science research: research questions, experimental settings, and organisms. This feature enables us to capture more granularity and
thus facilitates an approach for categorizing translational research and its growth over time. We anticipate that the framework will help researchers de-
velop compelling long-term translational research stories and accelerate public health impacts by clearly mapping out opportunities for collaborations.
By using this paradigm, researchers everywhere will be better positioned to design research programs, identify research partners based on cross-
disciplinary research needs, identify stakeholders who are likely to use the research for environmental decision-making and intervention, and track
progress toward common goals. https://doi.org/10.1289/EHP3657

Background and Objective
Embedded in the mission of the National Institute of Environmental
Health Sciences (NIEHS) is the goal of encouraging the translation
of research from basic biomedical and environmental health find-
ings to concrete strategies that protect and improve human health. A
clear concept of translational research is needed to understand,
assess, and categorize environmental health research so that we can
track new ideas and knowledge from their origins across the transla-
tional research spectrum. A more comprehensive framework that
integrates previous concepts, while making a place for environmen-
tal health science research, will enable researchers everywhere, as
well as NIEHS staff, to identify and facilitate opportunities for trans-
lational “bridging” or moving a research idea from one translational
area to another (Drolet and Lorenzi 2011). Our goal is to codify the
distinct categories of the translational research process as applied to
environmental health and describe the types of environmental health
science activities that might occur in each one, while continuing to
provide a space for clinical research. By expanding the concept of
translational research to incorporate environmental health science,
we hope to provide our researchers with ideas about potential paths
their researchmight take through the translational process.

The concept of translational research is generally understood to
be the evolution of a research idea through a series of scientific cat-
egories that typically include basic research, applied research, pre-
clinical, clinical, and standard practice (Dougherty and Conway
2008; Khoury et al. 2007; Sung et al. 2003; Trochim et al. 2011;

Westfall et al. 2007). We used these models as the foundation for
an expanded framework that provides an opportunity to capture
and integrate research that is directed at understanding the complex
relationships between the environment and human health. This
framework enables us to recognize the translational nature of more
environmental health research and to consider nonclinical impacts
as translational.

Discussion

The Framework
First, we visualize the framework as a series of concentric rings as
depicted in Figure 1. We believe that this depiction reinforces the
understanding that research moves between translational research
areas in a nonlinear way, and it allows for mapping the complex
paths research may follow as it moves through the translational
research process.

The framework includes nodes along the rings that describe
the types of activities that might occur within an individual trans-
lational research category. This level of detail allows researchers
to tailor the model to tell a specific translational research story.
The nodes reflect potential translational research activities related
to environmental health science research. The description below
starts from the center and works outward. However, we stress
that any specific translational research story may start in any
translational category, may skip categories, and will likely follow
a complex path from start to finish.

Fundamental Questions. The Fundamental Questions ring
enhances the characterization of what other frameworks describe
as basic research (Figure 2). In assessing examples of NIEHS-
supported translational research, we found that the basic research
questions typically fall into three major categories:

• Identification: What is it?
• Observation: What is it doing?
• Understanding: How does it do that and what else is going on?
We place those three types of questions at the center of the

model and connect these questionswith an associated experimental
setting (in vivo, in vitro, in situ, in silico, or in a population at large)
and an organism (e.g., human, animal, plant, bacteria, yeast, worm,
fish, othermodel organisms). These three elements are intrinsically
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linked, and we posit that moving from one combination to another
represents a clear translational bridge.

For example, a translational research story may start with an
observation from an epidemiological cohort study (observation/
population/human) that finds a relationship between an environ-
mental exposure and a human health outcome. This study may be
used as the basis for a lab-based study designed to confirm that
association and to explore potential mechanisms experimentally.
This would constitute a translational bridge in the framework
(Figure 3), and a further step toward providing evidence to sup-
port a public health intervention or application.

Here we recognize that the initial questions, tools, and research
methods may differ between the observational and experimental

studies and that the relationship or bridge between the findings of
each also requires translational bridging between disciplines.
Research conducted to answer fundamental questions uses modern
tools (e.g., epigenomic analysis) and concepts (e.g., exposomics)
that, in themselves, may require “translation” to investigators in
other disciplines and stakeholders who might want to apply the
findings in the “real world.” Likewise, methods and approaches for
economic analyses, community-based participatory research and
community engaged research, qualitative approaches, and geospa-
tial analyses may be unfamiliar to basic scientists and require inter-
disciplinary translation to help the basic scientists design their
research in anticipation of its future utility. Relevant methods,

Figure 1. Overview of NIEHS translational research framework. A series of concentric circles represent the categories of translational research. As the rings
move from the center ring to the outside ring, the research activities have human impacts.

Figure 3.Movement around a translational ring. Although epidemilogical
observations and rodent research in the lab are both considered within the
Fundamental Questions category, the tools, background, questions, and
methods used are vastly different and thus we propose that movement from
one area to another represents a translational bridge.

Figure 2. Fundamental Questions ring. In the NIEHS translational research
framework, this category of translational research includes three intrinsically
related concepts critical to basic science research: research drivers or ques-
tions, experimental settings, and organisms.
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tools, and strategies can be mapped using the nodes that we high-
light along the Fundamental Questions ring.

This framework reflects the view of fundamental research put
forward in the NIEHS Strategic Plan by recognizing that funda-
mental research “addresses all levels of biological organization—
molecular, biochemical pathway, cellular, tissue, organ, model or-
ganism, human, and population” (NIEHS 2012, p. 3). It is also con-
sistent with the rationale of the National Center for Advancing
Translational Science’s (NCATS) Clinical and Translational
Science Awards program in considering certain types of human
research as part of the Fundamental Questions category (Surkis
et al. 2016).

Application and Synthesis. The remaining rings have close par-
allels to the categories included in the NCATS translational model
(NCATS 2017).Within the Application and Synthesis ring, research-
ers conduct experiments in a structured and predictable setting to gain
a deeper understanding of a process or effect. Such activities could
include pilot tests of interventions, methods/approaches, new tools
(e.g., exposure sensors), or other highly controlled settings. Also in
this category is the formal synthesis or integration of evidence from
previous research to inform future research, risk assessment, and
other decision-making.

Implementation and Adjustment. The next ring includes
research that tests hypotheses in real-world settings and adjusts the
product (e.g., the intervention, tool, method, treatment) to account
for differences in different settings and populations. Examples
include biomarker, screen, or assay validation; clinical testing; tool
validation and use; and effectiveness testing. Current work in dis-
semination and implementation science would fit within this cate-
gory (e.g., Davis et al. 2007; Glasgow et al. 2012; Huberman 1994;
Landry et al. 2001; Majdzadeh et al. 2008; Tabak et al. 2012;
Wandersman et al. 2008).

Practice. The next ring focuses on moving established ideas
into common practice. This includes using evidence to inform new
guidelines for: preventing, diagnosing, or treating exposures, ill-
ness, and disease; formalizing new public health interventions;
institutionalizing local, regional, state, national, or international
policy practices; informing standard risk management protocols;
or motivating behavior change at individual, family, group, or pop-
ulation levels.

Health Impact. The final ring includes research that assesses
the broader environmental, clinical, or public health impact of a
practice, guideline, or policy on human health. For example, if a
state implemented a policy to reduce air pollution, researchers
might want to continue their research to assess the impact of the
policy on air quality and related human health outcomes such as
lung function or asthma rates.

Applying the Framework
Overall, the framework provides a novel, more comprehensive con-
ceptualization and definition of translational research (Figure 4).
Specifically, any research that either bridges nodes within a ring or
that crosses rings is considered translational. The framework pro-
vides the ability to track and describe research as it moves through
the translational research process and to give recognition to research
that bridges nodes in the Fundamental Questions ring. We also
expect that therewill be degrees of translation, so thatmore complex
or long-term translational storieswill includemore bridges.

The full framework is designed to enable the depiction of
research as moving in any direction, including with the ability to
bridge from any ring to another, as well as between any nodes of
a ring. The proximity of the rings or categories to the center does
not connote any intrinsic value, but rather demonstrates the vari-
ous categories of research activity that occur, placing activities
that have more direct impact on human health in the outer rings.

Moreover, it recognizes that community partners and stake-
holders involved in research play a valuable role in the translational
research process. They might be involved in such research activ-
ities as identifying research questions, conducting and testing inter-
ventions, or communicating findings from the research to policy
makers and other decision makers. The framework itself focuses
on identifying the specific research activities conducted as part of
the translational research process. We envision that contextual in-
formation about who participated in these activities, the time frame
of these activities, and the factors that facilitated translation from
one point to another would be described in translational research
narratives.

The following case study from the University of Cincinnati
and Michigan State University illustrates how the framework
can be used to highlight a few key translational research mile-
stones from a project funded by the Breast Cancer and the
Environment Research Program (BCERP) (Figure 5). In this
example, key translational milestones are mapped using the
translational research rings. We then highlight the specific ac-
tivity conducted using nodes within that ring. Contextual infor-
mation including the partners who participated in the activity,
the time frame, and any publications that can be added to the
graphic and referenced for additional information to provide a
more complete translational research narrative and expanded
over time as more research is completed.

Translational Milestone 1. The University of Cincinnati
BCERP project added polyfluoroalkyl chemicals (PFCs) to the
list of chemicals being screened in their cohort of young girls.
This was based on findings from the Centers for Disease Control
and Prevention’s National Health and Nutrition Examination
Survey that showed elevated levels of PFCs in some populations
(Calafat et al. 2007; Hiatt et al. 2009).

Translational Milestone 2. Among the girls screened in the
next year, about half had PFC serum concentrations above the
95th percentile (Pinney et al. 2014).

Translational Milestone 3. University of Cincinnati research-
ers presented these findings at a BCERP grantee meeting. Grantees
from a BCERP lab at Michigan State University offered to test the
effects of PFC in an animal model. They found a stunting of mam-
mary development and delayed onset of puberty in female mice
exposed to PFCs (Zhao et al. 2010).

Translational Milestone 4. Researchers had committed to
a community-based participatory research process that valued
the input, knowledge, and skills of their community partners.
Community partners, including breast cancer prevention advo-
cates, convinced the researchers to share the results with the fam-
ilies, even though they were unable to provide information about
the source or potential effects of the exposures. Upon learning of
the exposures, families communicated ideas about the suspected
source of the contamination to the researchers. The exposure was
ultimately confirmed as a pollutant in the public water supply
(S. Pinney, written communication, August 2017).

Translational Milestone 5. University of Cincinnati research-
ers partnered with Cincinnati and Northern Kentucky water treat-
ment departments between 2007 and 2012 to reduce exposure
through water filtering (S. Pinney, written communication, August
2017).

We encourage readers and those using the framework to keep
the following caveats in mind. Not all research is, or will be, trans-
lational; research would be considered translational only when it
bridges to another node or different translational category. For
example, using our case study, an investigation of PFC serum con-
centrations in a cohort is not by itself translational, nor is examin-
ing PFC serum concentrations in a rodent model. However, the
research becomes translational when the epidemiology study is
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used to motivate or inform the animal study, and it is more likely to
become so when designed with the need for public health impact
from the start. Thus, the link between the two research products
becomes a translational bridge. We hope this framework can help
provide a common vocabulary and structure for telling transla-
tional research stories.

As others have noted (Waldman and Terzic 2010), translational
research is not a linear process. A translational research idea can
start at any point in the framework, move in any direction, and
potentially skip entire rings. New findings lead to new questions
that can start the whole translational research process over again.
Many translational research stories are told in retrospect. We hope
that use of this framework will help collaborating groups map
research plans and strategies to be translational by design.

NIEHS supports several programs that advance “research trans-
lation,” an approach for interpreting scientific information and creat-
ing messages and materials that can be readily used by a specific

audience (such as lay community, educators, or healthcare profes-
sionals). Although research translation is not a specific node in our
framework, we view it as an activity that can take place at any point
in the translational research process, much like community outreach
and engagement.

Coordination of research within this framework, especially if
undertaken with the goal of achieving research translation to meet
a specific need, will likely include multiple investigators, laborato-
ries, and institutions. A variety of skills, training, and perspectives
are needed to move a research idea through the various categories
of the complex translational research process. Our hope is that by
providing this framework, investigators will be able to see a path
for their research to have an impact on preventing environmental
exposures, reducing disease, and improving human health and will
be able to see the types of partners they might need to bring into
their circle to help facilitate the bridging of research within and
across translational rings.

Figure 4. The full translational research framework represents five categories of translational research in concentric rings: Fundamental Questions (rectangles),
Application and Synthesis (ovals), Implementation and Adjustment (hexagons), Practice (circles), and Public Health Impacts (triangles). Within each ring,
nodes describe the types of activities that might occur.
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The path to using fundamental research for the benefit of human-
kind, whether inmedicine, environmental health or both, is long and
complex. Most research is documented incrementally, in grant
progress reports and publications, which by their very nature
focus on the findings of individual studies. These snapshots of
research do not fully capture the dynamic and often lengthy pro-
cess of designing, conducting, and reporting research that can
then be integrated and translated into action. We argue that new
efforts and formats are needed to collect, categorize, and evaluate
translational research narratives so that we capture the full spec-
trum of research activities that contribute to the translational
story, including the role of community partners, stakeholders,
and other research collaborators. Richer translational narratives
might also include descriptions of the connections or hand-offs
from one research area to another, including highlights of any
facilitators or challenges in the process.

Anticipated Benefits of This Translational Research
Framework
This comprehensive concept of translational research, which incor-
porates all elements of environmental health research, from basic
to applied science to finding real-world solutions, helps support the
NIEHS strategic plan and mission. It fosters a culture in which
environmental health researchers, program staff, and institute lead-
ership work in concert toward common ends. Its storytelling struc-
ture should enable researchers to clearly articulate progress in the
complex, multiyear process of translational research.

Although we have focused this framework on addressing the
needs of the environmental health science research community, we
believe it is applicable to any agency or organization attempting to
move research from a fundamental or basic research question to

application in the real world and would be adaptable for use by
other NIH institutes, as well as by researchers and planners in other
fields, including education and social services. The nodes on each
ring enable us to identify key translational research areas applica-
ble to the field of environmental health, but they are broadly
defined and can be applied tomany fields.

The framework will also help NIEHS to better assess where a
given research project falls along the translational research spec-
trum, provide a mechanism to categorize and understand the sta-
tus of the Institute’s research portfolio, and enable us to track
movement of research through the translational spectrum. As an
evaluation tool, the framework will enable us to code research
projects using these modified categories and give more recogni-
tion to research that moves through several iterations in the fun-
damental research area.

Finally, the framework will enable NIEHS staff, as science
managers, to talkmore clearly about how our funded research proj-
ects connect across areas of the translational research framework.
The framework will also enable staff to actively engage in bridging
science between nodes of the framework. Similarly, the framework
can provide researchers with a map of potential paths that their
research might take through the translational research cycle. A
known barrier to translational research is the difficulty of finding
the right “next step” for planning new research. Not every scientist
has the perspective or the interest in shepherding research through
all the phases of translation. As Chris Austin, the director of the
National Center for Advancing Translational Science, has said,
“the translational process is so multifaceted that no one person, no
matter how committed or talented, can succeed alone” (NCATS
2013). We hope that the framework will be used prospectively by
researchers and NIEHS program staff to identify opportunities for
collaborations and for determining when and to whom to “hand

Figure 5.Mapping a case study using the NIEHS translational research framework. Five research milestones are mapped onto the translational research frame-
work. The research moves through several nodes within the Fundamental Questions category (rectangle) and ultimately bridges to the Practice category (circle)
when the researchers begin working with the health department to implement water filtering procedures to reduce the levels of PFOAs in the city water.
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off” their research, thereby accelerating translational bridges and
achieving greater public health impact.

Next Steps
Our next step is to develop a concrete, objective checklist that can be
used to categorize existing research into the nodes and rings. Future
research efforts will include an evaluation of NIEHS translational
research narratives. The evaluation will compare the categorization
of these narratives using the NCATS translational research spectrum
and the NIEHS translational research framework, which should ena-
ble us to describe and quantify the differences between the two
frameworks. We may also attempt to prepare case studies that dem-
onstrate the utility of the framework to diverse types of environmen-
tal health science research, including tool and sensor development,
environmental remediation, and clinical research. Finally, we will
continue to engage NIEHS stakeholders in assessing the utility of
this framework in planning, conducting, and evaluating translational
research.
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